Oral intake of autoxidation products of unsaturated fatty acids causes damage to an animal body (1) . It is important to know the markers of the toxicity of autoxidation products in vivo. When 700mg/rat of secondary autoxidation products of linoleic acid was orally administered to rats, their hepatic functions were significantly injured (2) . We have studied the hepatotoxicities of secondary products of linoleic acid (3) (4) (5) (6) (7) (8) (9) . When the dose of 700mg/rat/day was continued, the body weight of the animal was remarkably reduced and later the animal died (2), while the consecutive dose of linoleic acid hydroperoxides did not lead to death of the animal (10) .
Three effects as the lethal toxicity of secondary products in rat body are assumed. (a) Secondary products may injure the animal digestive tracts, make an absorption of nutrients difficult, and then lead to the death by starvation . (b) We previously reported on the toxicities of the single dose of secondary products (3, 5) . Secondary products increased the content of hepatic lipid peroxides, which were easily detoxified later. However, the consecutive dose of secondary products makes the detoxication difficult and a biomembrane may be severely injured . (c) We also reported that secondary products were easily incorporated into liver and attacked biologically important components (4, (6) (7) (8) (9) . The consecutive dose of secondary products may drastically destroy the components and disturb the hepatic metabolism.
In this study, rats were administered secondary products at a dose of 400mg/ rat/day. The first dose did not affect the growth of the rats, but after the second dose the growth and food consumption were markedly depressed. In the preliminary experiment, when 48rats received the 3 consecutive doses of secondary products , all animals died at 30-40h after the third dose. To search the markers of the toxicity, the rats were killed at 24h after the third dose and we attempted to determine the lethal cause. The present study focussed on the above-mentioned effect (c) and thus on a search of the markers in the hepatic lipid metabolism. light and dark cycle of 12h each, and fed on a fresh diet for 1 week. The diet was prepared daily and its peroxide value was maintained at less than 0.5meq/kg, The detailed composition of the diets has been described previously (5) . Briefly, it consisted of 30% sucrose, 25% casein, 24% corn starch, l5% soybean oil, 4% McCollum's salt mixture, 1% cellulose powder, and 1% vitamin mixture. The rats were divided at random into 5 groups of 8rats each and their foods were withheld for 4h before the treatments. The first group was untreated rats. The second and third groups were intragastrically given 400mg/rat/day of linoleic acid and second ary products for 3days, respectively, using a tuberculin syringe equipped with a stomach tube. The other two groups were given 400mg/rat/day of saline solution for 3days and one of them was fed on a limited amount of diet to use it as a pair feeding group with the secondary product group. After the administrations, the food and water were supplied ad libitum for these groups of rats except for the pair feeding group. The animals were sacrificed at 72h after the start of experiments and their organs and tissues were analyzed macroscopically.
MATERIALS AND METHODS

Secondary
Collection of blood and preparation of a liver homogenate. Blood was collected by cardiac puncture. The rat liver was perfused for 10s with a saline solution using a cannula and then treated immediately according to the freezed-clamped method of Williamson et al. (13) . The liver was frozen with lead blocks precooled in liquid nitrogen. The frozen liver was pulverized in a mortar with the frequent addition of liquid nitrogen. The liver powder was subjected to the following analyses within 24h. A part of the powder was homogenized with 10 volumes of a 1.15% KCl solution. The protein concentration in the homogenate was estimated by the method of Lowry et al. (14) .
Measurement of serum tocopherol level and hepatic lipid peroxide content. The tocopherol level was determined in serum by the method of Taylor et al. (15) . To measure the hepatic lipid peroxide content, thiobarbituric acid (16) and hemoglobin-methylene blue (17) tests were carried out using the liver powder homogenate. Both tests may be indirect ones for the determination of lipid peroxides. However, many data on endogenous lipid peroxidation have been obtained with both methods; thus, they were also used here.
Determination of detoxifying enzyme activities and glutathione levels. The liver homogenate was subjected to the analyses of enzyme activities and metabolite levels. The activity of glutathione peroxidase was determined by the method of Little et al. (18) using pure linoleic acid hydroperoxides as its substrate (19) . The activities of glutathione reductase and catalase were measured by the methods of Zanetti (20) and Bergmeyer et al. (21), respectively. The levels of reduced form of glutathione (GSH) and its oxidized form (GSSG) were quantified by fluorom etry (22).
Hepatic lipid content and fatty acid composition. Lipids were extracted from the liver powder homogenate with 3 volumes of a methanol-chloroform (2:1) mixture using a Potter-type homogenizer. The chloroform layer was retained and washed with water. The chloroform was evaporated in vacuo and then the dry 
RESULTS
Injury in the digestive tracts When 400mg/rat/day of secondary products were orally administered for 3 days, the rats consumed half the amount of food as compared to the amounts in untreated rats after the first dose, and after the second dose they almost did not approach the foods. Subsequently , the digestive tracts of these rats were macro scopically analyzed, and compared to those of the four other groups as controls: untreated rats, rats triply dosed with linoleic acid (400mg/rat/day) , rats triply dosed with saline solution (400mg/rat/day) , and pair-feeding rats. In order to have the body weights of pair-feeding rats coincide with those of the secondary product group, the diet amount of pair-feeding rats was reduced to half at the first day, and later their foods were withheld (water was not) . When the foods of the pair-feeding group were further withheld for an additional few days in a preliminary experiment, Effects on the rat growth The effects of triple dose of secondary products on rat body and liver weights were observed, as compared to those of the four control groups ( Table 1 ) . The final body and liver weights in untreated, linoleic acid, and saline groups were about 160 and 10g, respectively. As compared to them, those in the pair-feeding and secondary product groups were significantly low. The extent of decrease in the liver weights of pair-feeding rats was greater than that in their body weights, and the relative liver weight was 4.7%. In the secondary product group , the relative liver weight was 5.9% and was similar to those in untreated, linoleic acid, and saline groups. Thus, it was considered that the liver of the secondary product group was hypertrophied, and that the liver condition was different from that in the pair -feeding group.
Lipid peroxide content in the liver
In the following experiments, the changes in the metabolic functions of liver by the triple dose of secondary products were examined. The changes in the hepatic functions should be analyzed with two factors-the reduction in food consump tion and the hepatotoxicity of secondary products. Therefore, the saline and pair feeding groups were taken up as the control groups.
The hepatic lipid peroxidation decreases the serum tocopherol level. In the secondary product group, the tocopherol level was half that in the control groups ( Table 2 ). The amounts of hemoglobin-methylene blue and thiobarbituric acid reactive substances were also elevated to 1.5-fold. On the other hand , it is believed that the endogenous peroxides were reduced by catalase and glutathione peroxidase in the liver. Glutathione peroxidase uses GSH as a reluctant and forms GSSG.
Coupled with this reaction, glutathione reductase recycles GSSG to GSH. Table 3 shows the changes in the activities of these enzymes and levels of GSH and GSSG. Hepatic lipid contents and unsaturated fatty acid compositions The hepatic total lipid content in the secondary product group as well as in the pair-feeding group was decreased by 45% as compared to that in the saline group (Fig. 2) . The total lipids were separated into neutral lipids and phospholipids and their amounts were measured. The neutral lipid contents in both the secondary product group and its pair-feeding group were 65% lower than that in the saline group, and the phospholipid contents remained unchanged. Table 4 shows the compositions of unsaturated fatty acids in the neutral lipids and phospholipids . Arachidonic and docosahexaenoic acids in the neutral lipids were increased in both the pair-feeding and the secondary product groups as compared to those in saline group, and no difference between the secondary product group and its pair-feeding group was detected. In the phospholipids, only arachidonic acid of the secondary product group was slightly decreased (20%). Thus, the lipid contents in the secondary product group showed the same change as those in its pair-feeding group and the changes of fatty acid composition in the secondary product group were negligible.
Lipogenesis and lipolysis in the liver
To search the markers of the toxicity of secondary products in the liver , the hepatic lipid metabolism was examined. Table 5 shows the activity of one of the key enzymes in lipogenesis, acetyl-CoA carboxylase, and the activity of one of the key enzymes in lipolysis, carnitine palmitoyltransferase. The former enzyme activity was decreased and the latter was increased in the secondary product group and its pair-feeding group, as compared to those in the saline group. When these activities were compared between the groups of secondary products and its pair-feeding , the activities of acetyl-CoA carboxylase and carnitine palmitoyltransferase in the secondary product group were, respectively, 20 and 35% lower than those in its pair-feeding group. Then, the hepatic levels of substrates of lipogenesis (CoASH and acetyl-CoA) and lipolysis (long-chain acyl-CoA) were measured (Table 6 ). In the pair-feeding group, the level of CoASH was 35% higher than that in saline group, the level of acetyl-CoA was 50% lower, and the level of long-chain acyl-CoA remained unchanged. On the contrary, in the secondary product group, the levels of these CoA derivatives were remarkably low. The levels of CoASH, acetyl-CoA, and long-chain aryl-CoA were reduced to 15, 30, and 20%, respectively, as compared to those in the saline group. Thus, the changes in the levels of CoA derivatives in the secondary product group were different from those in its pair-feeding group. The triple dose of secondary products obviously depleted the CoA derivatives in the rat liver.
DISCUSSION
This study demonstrated that one of the markers of the toxicity of secondary products in vivo is the hepatic CoA derivatives and the depletion of them may be a lethal cause in the rat. The triple dose of secondary products (400mg/rat/day) leads to the death of the rats. The triple dose injured the stomach and congested the small intestines (Fig. 1) . These damages cause the reduction in absorption of nutrients and then result in stress such as starvation. The starvation suppresses the rat growth (Table 1) ; however, it is not a cause of death because the pair-feeding rats remained alive for a few more days. On the other hand, the liver of the secondary product-triply dosed rats was hypertrophy as compared to that of its pair-feeding rats. We previously reported the increase in content of hepatic lipid peroxides and their detoxifying enzyme activities after the single dose of secondary products (5), and described the changes in the hepatic lipid metabolism as compared to the doses of linoleic acid and its hydroperoxides (9) , In the present study, these changes were measured in rats at the point of death by the triple dose of secondary products. The triple dose of secondary products elevated the contents of hepatic lipid peroxides (Table 2 ) and increased the activity of its detoxifying system (Table 3) . However, the extent of these changes was similar to that by the single dose (5). In the case of a single dose, such level of peroxide almost recovered to the normal level 96h after the dose. Drastic endogenous lipid peroxidation allowed prediction of loss of membrane lipids. The triple dose of secondary product, however, did not induce the severe changes in both hepatic lipid contents and fatty acid compositions when compared to the case of its pair-feeding group (Fig. 2 and Table 4 ). Therefore, the detoxifying system satisfactorily worked in the liver of the triply dosed rats, and such level of the endogenous lipid peroxides was not so toxic to the animals. This indicates that the effect of endogenous lipid peroxidation is different from the toxicity of secondary products in vivo.
The content of hepatic total lipids in the pair-feeding group was decreased. 
